Using a polymerase chain reaction (
have been identified and used to establish a polymerase chain reaction (PCR) test to detect viral DNA. 1, 2 The PCR test has been successfully applied to detect OHV2 DNA in peripheral blood leukocytes 1 and in tissues from terminal cases of SA-MCF in bison 24 and cattle. 4 Previous investigations of SA-MCF resulted in the detection of a cell-associated cytomegalovirus, 30 and retroviruses. 12, 27 In the present study, cases of SA-MCF in cattle and bison were analyzed retrospectively for OHV2 and for other persistent bovine herpesviruses, retroviruses, and pestivirus. Polymerase chain reaction assays were performed for OHV2, bovine herpesvirus 4 (BHV4), bovine lymphotrophic herpesvirus (BLHV), bovine syncytial virus (BSV, also known as bovine spumavirus), and bovine immunodeficiency virus (BIV). In addition, a prospective survey was performed to determine the prevalence of the 3 herpesviruses and 3 retroviruses in cows from dairies with varying history of SA-MCF.
Materials and methods
Cases of MCF. Fifty-three cases of MCF in bison (25 females, 16 males, 12 unrecorded) were diagnosed on the basis of gross and histopathologic lesions 24 over a 10-yr period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . Forty-two animals received a complete necropsy at the Colorado State University (CSU) Diagnostic Laboratories, 3 were necropsied at the Wyoming State Veterinary Laboratory, and 2 were necropsied at the Texas Veterinary Medical Diagnostic Laboratory, Amarillo; 6 bison received field necropsies with appropriate tissues submitted by veterinarians. All animals were from bison ranches with the exception of 3 feedlot bison; all ranches experienced multiple losses (from 1% to 95% of bison); ranches were located in Colorado (17) , Wyoming (2), and Kansas, New Mexico, Nevada, and Utah (1 each). Ages at the time of death were distributed evenly through 7 yr of age; 95% of bison died during November through April. Thirty cases of MCF in cattle (22 cows, 7 steers, 1 bull) were diagnosed from gross and histopathologic lesions 13, 19 over a 16-yr period (1983-1999) . Twenty-six animals received a full necropsy at the CSU Diagnostic Laboratory and 4 received field necropsies with tissues forwarded by a veterinarian. All cattle cases were from Colorado dairies (12) , feedlots (9), cowcalf ranches (8) , or a bull farm (1); in all but 1 instance, cases were singular. Ages at the time of death were distributed evenly through 6 yr of age, except for yearlings in feedlots; 80% of the cattle died during November through May, but deaths occurred in every month of the year. Tissues were fixed in 10% buffered formalin, processed routinely, and sectioned at 5 m. Sections were either stained with hematoxylin and eosin or extracted for PCR, as described previously. 24 Cases of other diseases of cattle and bison. Cases of other terminal diseases in cattle and bison were collected for the purpose of virus surveillance. Thirty-eight bovine cases included 10 pneumonias of various etiology; 3 mucosal disease (bovine viral diarrhea); 3 pulmonary hemorrhage; 2 necrotizing enteritis; 2 emaciation; and 1 each of liver abscess, salmonellosis, suppurative esophagitis, metritis, osteomyelitis, pulmonary vasculitis, uterine prolapse, encephalitis, high mountain disease, dehydration, mastitis, emphysema, myocardial degeneration, pleuritis, hepatic necrosis, and rumenitis. Ten cases in bison included 5 unknown causes of death, esophagitis, emaciation, hepatic lipidosis, encephalitis, and 1 normal bull harvested for meat.
Dairies. Four dairies were selected in northeastern Colorado, and blood was collected from approximately 50 random milking cows on each dairy farm. The cows were in different stages of lactation and of variable age, from 2 to 9 yr old. Three of the dairies had a history of MCF disease (dairies 1, 2, and 4), and 1 had no previous history of the disease (dairy 3) (Table 1) . Dairy 1 milked 850 cows, lost 4 to 5 cows per year to MCF over the past 5 yr, and was located next to a large sheep feedlot. Dairy 2 milked 470 cows, had no case of MCF in over 5 yr, and had only 1 case of MCF in its history. Sheep were sporadically present in low numbers (20-40) less than 1.6 km away. Dairy 3 milked 400 cows, had no recorded cases of MCF in its history, and no sheep were located within 8 km of the farm. Dairy 4 milked 2,000 cows, had no case of MCF in the previous 2 yr, and had only 5 cases in the 3 yr before that. A small herd (40-50) of sheep was within 1.6 km of the dairy.
Polymerase chain reaction. The DNA was extracted from 200 l of buffy coat using a commercial kit a and suspended in 200 l of kit buffer. Five microliters (0.01-0.05 A 260 unit) was used for each PCR, except for the BSV PCR (see below), for which 0.5 l was used. Each DNA specimen was first confirmed for amplifiabilty (99.4% of DNA preparations) using 0.5 l and a PCR test for the bovine actin gene. 22 The DNA from fixed tissue was extracted as described previously 24 using a commercial extraction reagent. b The PCR test for each virus was performed as described (Table 2) : OHV2, 1, 9, 24 BLHV, 22 BHV4, 5 BIV, 28 and BSV. 26 Positive controls for each PCR were included in every test, as were negative controls (water) every fifth sample. Positive controls consisted of virus or purified DNA as follows: BHV4, strain DN599 c ; BLHV, plasmid pBLHV d ; BIV, plasmid BIV-R29-127 e ; BLV, test kit antigen f ; and OHV2 and BSV, buffy coat lymphocyte DNA from field cases. Identity of the OHV2 amplicon was confirmed by sequencing of 4 amplicons from bovine MCF cases and 8 amplicons from bison cases and comparing to GenBank accession HSVOVSEQ. 1 One case each of BHV4, BLHV, and BSV infection was confirmed by comparison to sequence data cited in the published reports given above.
Tests performed for bovine viral diarrhea virus (BVDV) and other ruminant viruses. Virus isolation (VI), 3 immunofluorescence (FA), 3 and immunoperoxidase (IP) 7 tests were conducted for BVDV and other ruminant viruses on 26 of the bison MCF cases and on 24 of the bovine MCF cases. Virus isolation was performed on alimentary tract, lung, and/ or lymphoid tissues from 5 bison and 5 cattle; FA testing for BVDV was performed on multiple tissues including lymphoid tissues from 7 bison and 4 cattle; and IP testing for BVDV was performed on multiple tissues including lymphoid tissues from 15 bison and 15 cattle. An antigen-capture enzyme-linked immunosorbent assay g for the detection of BVDV persistently infected cattle was performed on plasma from dairy cows.
Statistical analysis. Chi-square and Pearson correlation coefficients were performed as described. 23 
Results
Association of OHV2 with MCF. An association of OHV2 with a diagnosis of MCF and a lack of asso- 5Ј AGT CTG GGG TAT ATG AAT CCA GAT GGC TCT C  5Ј AAG ATA AGC ACC AGT TAT GCA TCT GAT AAA  5Ј AGT CTG GGG TAT ATG AAT CCA GAT GGC TCT C  5Ј TTC TGG ciation of OHV2 with other diseases was demonstrated, in both bison and cattle (combined P Ͻ 0.0001; Table 3 ). Overall sensitivity of the PCR as compared to histopathologic diagnosis was 98.8%, and specificity was 97.9%. However, these figures are probably artificially low: the 1 negative PCR bison case that was positive by histopathology was a chronic MCF case of at least 6 months duration in which the virus level may have declined; the 1 case in which PCR detected OHV2 but that had no histopathologic lesions of MCF likely represented an early death from another condition (multiple abscessation of the forestomachs) before the development of MCF disease. In all cases of MCF that were positive by PCR, amplifiable PCR product was obtained from 2 or more tissues that showed lymphocytic infiltrate on histopathologic examination, and several cases had PCR product from 10 or more tissues. The frequency of amplifiable product in tissues from MCF cases is shown in Table 4 .
Detection of other viruses in cases of terminal MCF. Other persistent herpesviruses and retroviruses were found only sporadically in cases of MCF (Table 5) . Analysis by PCR for BHV4, BLHV, BSV, and BIV was performed on 2 lymphoid tissues (spleen and/or lymph nodes) from each case. Amplicons from each PCR test are shown in Fig. 1 . Bovine viral diarrhea virus was not found in any MCF case by VI tests (bison, 5 cases; bovine, 5 cases), FA (bison 7 cases; bovine, 4 cases, 1-3 tissues) or IP tests (bison, 15 cases; bovine, 15 cases, 1-3 tissues).
Prevalence of viruses in dairy cows. All cows that were found to be positive for OHV2 were from dairy 1 (21.3% of cows tested; Table 6 ), and this dairy had the closest contact with sheep. A high percentage of cows in each herd tested positive for BLHV (range from 52% to 78.7% of cows). Prevalence of BHV-4 ranged from 2.1% to 45.7%, and prevalence of BSV ranged from 10% to 34% in these 4 herds. Bovine immunodeficiency virus was not found in any herd. Pearson correlation analysis for the 3 herpesviruses and 2 retroviruses showed no significant correlation (Ͻ0.6) between any 2 viruses. Of the 10 cows positive for OHV2 in dairy 1, none were positive for BSV or BIV, 2 were positive for BHV-4, and 9 were positive for BLHV.
Discussion
The significant association of OHV2 with SA-MCF disease in cattle and bison and its absence in other diseases strongly suggested an etiologic role for this virus. The etiologic association of a related gammaherpesvirus, AHV1, with WD-MCF 20 further lends support for a primary role of OHV2. The PCR test for OHV2 proved to be a highly sensitive 16 and specific 4 diagnostic method for cattle and the results presented here extended this to bison. Other persistent herpesviruses and retroviruses of cattle, although isolated from previous cases of SA-MCF, were not associated with SA-MCF in this study.
Sequences of OHV2 were obtained from a wide variety of postmortem tissues, particularly lymphoid tissue, and this confirms previous findings with this PCR test and cases of SA-MCF in bison 24 and cattle. 4 In these studies as well as here, the presence of amplifiable sequences correlated with lymphocytic infiltrates into tissues. Several studies have established that lymphocytes are a target cell for OHV2, which then induces lymphoproliferation. 21 In the study presented here, lung was also a particularly useful tissue for anal-ysis by PCR, perhaps because a lymphocytic infiltrate into lung results in a greater share of the cellular genomes when the DNA is extracted.
The prevalence of the other persistent viruses revealed interesting data on their biology. Bovine lymphotrophic herpesvirus, recently discovered through use of herpesvirus consensus PCR, was highly prevalent in all dairies, confirming the original description of the virus, which also used Colorado cattle. 22 No disease has been associated with this virus. Bovine herpesvirus 4 prevalence varied with the dairy, ranging from 2% to 51%, suggesting that specific factors might be involved in maintenance or elimination of the virus within a herd. The apparent absence of BIV from the 4 herds is at variance with the prevalence of BIV in other parts of the USA 29 and needs further investigation. Bovine spumavirus was somewhat less variable, but the prevalence has not been previously studied. Bovine viral diarrhea was not found in the cases studied here, but mixed outbreaks have occurred, 25 confounding histopathologic diagnosis. No significant correlation was found between infection with OHV2 and any of the other 4 viruses tested (BHV-4, BLHV, BIV, and BSV), nor was a correlation found between the presence of any 2 viruses.
Malignant catarrhal fever has been considered an uncommon disease in domestic cattle and bison in the USA, where it was originally defined as a uniformly fatal disease. However, epizootics have been described in feedlot cattle in Colorado and Wyoming 18, 19 and it is encountered in farmed deer, 21 elk, and increasingly in bison. 24 This report documents the substantial losses to MCF among bison ranchers in several western states. Two herds represented in this study suffered 94% and 66% losses, similar to observations in our previous study. 24 The mortality rate for clinically diagnosed MCF in bison is usually greater than 95% and death commonly occurs 1-4 days after the onset of pyrexia, although a more chronic form of the disease has been recognized. 15, 17 The epidemiology of OHV2 remains unclear. Although SA-MCF has not been induced by inoculation of cattle with tissues from suspected carrier sheep, the disease has been reported most frequently when cattle are in close contact with sheep, and this is supported by the present findings of dairy cows in this study. Studies have shown that OHV2 can be detected in 100% of lambs by PCR testing of peripheral blood leukocytes 9 and that lambs become infected before they are 6 months old. 9 In this study the presence of OHV2 in normal, healthy dairy cattle suggests the possibility of an additional reservoir for OHV2. Although convincing evidence for horizontal transmission is lacking, earlier studies have accomplished experimental transmission of SA-MCF to 19 of 28 cattle by injection of either whole blood or leukocytes from an affected cow. 11 With respect to the factors surrounding transmission to bison as well as reservoir status, further studies need to be performed with sheep and possibly other wildlife. 8 
